A. and MOTOMIYA, M. Clinical Study of Drug Fever Induced by Parenteral Administration of Antibiotics. Tohoku J. Exp. Med., 1989, 159 (1), [45][46][47][48][49][50][51][52][53][54][55][56] The incidence and clinical features of drug fever induced by antibiotics were investigated. Of a total of 390 patients analyzed, 193 had malignant diseases (lung cancer in most cases) and the remaining 197 had non-malignant diseases, of which the majority comprised pulmonary infectious diseases such as pneumonia, lung abscess and chronic infections. Q-Lactams most frequently induced drug fever. Piperacillin induced drug fever in 18 of 108 (17%), cefotaxime in 11 of 72 (15%), ceftizoxime in 7 of 49 (14%) and cefoperazone in 6 of 74 patients (8%). In contrast, the incidence of drug fever caused by ampicillin and that by cefazolin were in one of 39 (3%) and in none of 44 (0%), respectively. On the other hand, antimicrobial agents other than /l-lactams only rarely induced drug fever. The higher incidence of drug fever caused by newer derivatives of f3-lactam antibiotic suggests that the side chain attached to their core moiety might be involved in the mechanism of drug fever. In patients with malignancy who were on antibiotics, respiratory infection was the most frequent cause of fever exceeding 38°C. In contrast, in patients with non-malignant diseases, the use of antibiotic per se was the most frequent cause of the fever which reccurred during antibiotic therapy after a previous febrile episode had subsided. The most common feature of drug fever induced by the use of an antibiotic was as follows : A low-grade fever at the time of onset is followed by a high and remittent fever. The highest diurnal body temperature rises gradually, and then the fever subsides promptly after cessation of the causative antibiotic. The fever of this type accounted for 70% of all the drug fever in this study. A transient elevation of serum level of lactic dehydrogenase was associated with drug fever in one half (25/49, 51%) of the patients. A transient and slight decrease from the normal range in counts of neutrophils and platelets were observed in 11(23%) and in 4 (8%) of 48 patients with drug fever, respectively. These changes in laboratory findings were considered as the possible consequence of allergic processes involved in the development of drug fever and thus seem to be a helpful index for establishing the diagnosis of drug fever, drug-induced fever ; Q-lactam antibiotics ; neutrophil ; lactate dehydrogenase 
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Hence fever is considered as a manifestation of allergic reaction to a drug and the fever of this particular type has been defined as drug-induced fever or more simply drug fever.
A recent increase in the incidence of drug fever apparently coincides with the era of introduction of /3-lactams into clinical use and the frequency with which the novel derivatives of /l-lactam antibiotics possessing a longer or complex side chain than that of the parent compounds is administered. Thus, a clinical investigation was carried out in order to confirm the incidence and the clinical features of fever induced during the treatment of antibiotics with and without those physicochemical properties.
For this purpose, a retrospective analysis was made on the clinical and laboratory data obtained from patients with pulmonary infections who were treated for more than one week with an antibiotic of parenteral use.
MATERIALS AND METHODS
A total of 390 patients who received parenteral antibiotics for more than seven days for the treatment of their pulmonary infections were included in this analysis.
In the present study, a diagnosis of drug fever was made when clinical features met all of the following criteria : (1) A fever of 37.5°C or above which lasted for more than two days during treatment with an antibiotic ; (2) The fever was associated neither with other clinical manifestations nor with laboratory findings suggestive of an infectious exacerbation ; (3) The fever could not be ascribed to any other measures that were instituted for the management of infections ; and (4) The fever subsided immediately after cessation of a suspected antibiotic ("dechallange"). Thus, the fever in all of the patients who were diagnosed as having drug fever met "the possible" criteria proposed by previous investigators (Karch and Lasagna 1975; Hutchinson et al. 1983 ).
Laboratory tests, (i.e., serum transaminases, alakaline phosphatase, and lactic dehydrogenase ; hemoglobin concentration ; platelet and neutrophil counts) were carried out before, during and after the onset of fever. The laboratory data from patients who were considered to have drug fever were analyzed in comparison with those from patients without drug fever. The data were interpreted as abnormal when the extent of deviation from the normal range exceeded one standard deviation. The standard values of serum enzymes was calculated from the data obtained from 700 healthy persons who visited our clinic for health check (male vs. female ; approximately 2 : 3, range of age in majority ; 22 to 24 years). Changes in counts of platelets and neutrophils in the peripheral blood were regarded as positive when the change in counts exceeded one standard deviation irrespective of whether they remained within, or out of the normal range. Statistical analysis was made by use of chi-square test. A p-value of 0.05 or less was considered significant.
RESULTS

Incidence of drug fever and patient characteristics
Diagnosis and state on discharge of patients who were analyzed in this study are listed in Table 1 . Of a total of 390 patients, 193 patients had malignant diseases. Most of them had unresectable lung cancer. The remaining 197 had non-malignant infectious diseases.
A total of 56 episodes were caused by antibiotic therapy in 51 of 390 patients. Thus, the total incidence of drug fever was 13.1%. As shown in Table 2 , a wide variety of antibiotics were considered to be associated with drug fever. Also, there was a drug-to-drug variation in the incidence of drug fever. The incidence of drug fever was highest in patients treated with piperacillin (17%). The incidence of drug fever was slightly lower with cephems of the so-called third generation, cefotaxime (15%), ceftizoxime (14%) and cefapirin (10%) and with cefuroxime (8%), a cephem of the second generation, although the differences in incidence between piperacillin and these cephems were statistically not significant.
In contrast, the incidence was significantly lower (p <0.05) with aminobenzylpenicillin alone (3%) or with aminobenzylepenicillin plus oxacillin (0%) and with cephems of the so-called second generation, e.g, cefoperazone (8%) and TABLE 1. Characteristics of patients treated for more than seven days with antibiotics cefinetzole (3%), as compared with the incidence with peperacillin (17%).
The incidence of drug fever was much lower, with a p-value of less than 0.01, with cefazoline (0%) and with cefotiam (4%), a cephem of the first and the second generation respectively.
The above results revealed that, in general, the incidence of drug fever was higher with newly developed /S-lactam antibiotics. Only one exception was latamoxef, one of the third generation cephems, with which the incidence of drug fever (3%) was significantly lower (p <0.01) as compared with that of piperacillin.
Of the patients treated with antibiotics other than /l-lactams, only one patient developed drug fever during the treatment with fosfomycin ( Table 2) . Neither aminoglycoside nor tetracycline induced drug fever. The incidence of drug fever in patients aged 70 years and above (10 of 114, 8.8%) was lower than In Table 4 are shown major causes of fever above 38°C, which was observed during antibiotic therapy for a febrile episode which had already begun to subside at that time point. Among patients who had malignant diseases and who were dead on discharge, respiratory infection was the most common cause of fever above Classification by age and disease of patients with drug-induced fever Duration of treatment with an antibiotic before onset of fever and types of fever observed
In Table 5 are shown the duration of antibiotic therapy before the onset of drug fever induced by fl-lactam antibiotics. As shown in Table 5 , the length of period before the onset of drug fever ranged from one to five weeks. There was also a drug-to-drug variation as far as the length of the period of treatment before the onset of drug fever was concerned. The median duration was 13 days with piperacillin in patients who received previous chemotherapy with one of the fl-lactams, while that was 22.5 days in those who received no previous therapy. All the patients who developed drug fever during therapy with ceftizoxime and cefoperazone had received previous /3-lactam therapy. The median duration was 11 days with ceftizoxime and 12.5 days with ceforerazone, whereas it was 25 days with cefozaxime, irrespective of the presence or absence of the past history of /3-lactam therapy.
The drug fever can also be classified as shown in Table 6 . The most common type was a low grade fever at the time of onset. The highest diurnal body temperature rose day after day until it reached a maximum, and then promptly subsided when therapy was withdrawn. This type of fever accounted for 70% (39/56) of the drug fever in this series. Furthermore, the following types of drug fever were encountered : (1) a high fever of abrupt onset ; (2) a persistent low grade fever ; and (3) recurrent febrile episodes ( Table 6 ).
Features that were common in all the types of drug fever were as follows : (1) No source of infectious exacerbation could be identified ; (2) No other causes of fever except for antibiotic therapy per se could be identified ; and (3) Fever disappeared concomitantly with the withdrawal of the antibiotic. However, no definite correlation could be found between the types of drug fever as listed in Table 6 (a) and the individual antibiotics involved. Table 6 (b) shows the febrile episodes classified in relation to the highest diurnal body temperature. The fever ranging from 38 to 38.9°C was most frequent, followed by that of 39.0 to 39.9°C. Fever of these two types accounted for 85% (48/56) of all the drug fever in the present study.
Drug fever and transient deviation from the normal range of laboratory data
The incidence of transient deviation from the normal range of laboratory data in association with the onset drug fever is shown in Table 7 . For comparison, the results observed in patients who were successfully treated with piperacillin or cefotaxime without developing drug fever are also given in Table 7 . As described in Materials and Methods, the data were evaluated as abnormal when they were out of the normal range by more than one standard deviation. (The abnormal values which could presumably be ascribed to deterioration of the underlying malignant diseases or to anticancer therapy were excluded from the evaluation.)
As regards the serum level of lactic dehydrogenase, the incidence of elevation (51%) in patients who had drug fever was twice as frequent as that (20%) in patients who had no drug fever (Table 7) , and the difference was statistically significant (p <0.05). In contrast, there was no substantial difference in the incidence of elevation of serum level of transaminases and of alkaline phosphatase between the two groups. A reduction in count of neutrophils down to the below-normal range by one standard deviation or more was encountered in 23% of patients with drug fever, while in none of the patients without drug fever. The difference in the incidence was statistically significant (p <0.01). In regard to platelet counts, a reduction was observed in 8% of patients with drug fever and in none of those without drug fever, although the difference in the incidence between the two groups of patients was not significant. As shown in Table 8 , however, a transient reduction in platelet counts was observed in as many as 44% (21/48) of patients with drug fever in contrast to a relatively low incidence of 6% (2/35) of patients who had no drug fever, and the difference in the incidences between the two patient groups was of statistical significance (p <0.01). The incidence of the transient reduction in neutrophil counts was also significantly higher, 52% (25/48), in patients with drug fever, as compared with the incidence, 13% (5/39), in patients without drug fever (p <0.01).
Although data are not shown in the table, eosinophilia (exceeding 500 eosinophils/mm3) was observed in as many as 25% (13/52) of patients with drug fever. The percentage was significantly higher than that (9%, 5/54) in those without drug fever (p <0.05). In addition, rash developed during antibiotic therapy in 29% (15/56) of patients with drug fever, whereas in only 5% (3/60) of 
DISCUSSION
The diagnosis of drug fever has become an increasing clinical importance since the newly developed /3-lactams were introduced into daily practice. In the present series, the greatest incidence of drug fever was seen among patients who were treated with piperacillin, which is known as a safe penicillin with a broad antimicrobial spectrum and a potent antipseudomonal activity. In addition, both cefotaxime and ceftizoxime, cephalosporins of the so-called third generation, were highly potent inducers of drug fever. Latamoxef was an only exception. Cefazolin, a cephem of the first generation, and both cefoperazone and cefuroxime, cephems of the second generation, were in the next place as a cause of drug fever. Aminobenzylpenicillin, and cefotiam, and cefinetazole, other second generation cephems, induced drug fever in only a few patients. Thus, it was found that, in general, the incidence of drug fever was higher with more recently developed /3-lactam antibiotics.
The incidence of drug fever induced by antibiotics seemed to depend partly on the duration of treatment. Yow et al. (1976) have reported that in 3,000 children who were treated with parenteral methicillin, one or more of the following adverse reactions such as rash, drug fever, hematuria and leucopenia were encountered in less than 1.5% of patients. However, when only the patients treated for more than ten days were selected for the evaluation, the incidence of one of the above mentioned adverse reactions was as high as 31.5% and that of drug fever was 6% (Yow et al. 1976 ).
The new /3-lactam antibiotics are commonly used for the treatment of intractable infections. Thus, the duration of treatment with these antibiotics tends to be longer. This rather long-term therapy may result in the high incidence of drug fever, since these new /3-lactams are potent inducers of drug fever as observed in the present series. Furthermore, our findings revealed that the incidence of drug fever also depends on whether patients had previously received a /3-lactam. This can be supported by the observation that many patients, with intractable infections, had a previous antibiotic therapy and repeatedly received treatments with Q-lactam.
The reported incidence of drug fever depends upon also how much attention is paid to the drug fever. In the present series, a diagnosis of drug fever was made based on the criteria as described in Materials and Methods. However, a possibility could not be ruled out that some cases might have escaped detection, becausae it was not always possible to establish a definite diagnosis. Nevertheless, the results of the present investigation showed that the following points are useful for the diagnosis of drug fever : (1) Some antibiotics possess a particularly high potency to induce drug fever ; (2) In patients aged 70 years or above, the inci-dence of drug fever was lower as compared with that in patients aged 69 years or below, especially with that in those aged 49 or below with statistical significance ; (3) In patients with malignant diseases, pulmonary infection was the most frequent cause of fever above 38°C which reccurred during antibiotic therapy after a previous febrile episode had subsided, in agreement with the previous observation (Straus et al. 1983 ) and (4) An initial low-grade fever reached a maximum in a stepwise fashion. This type of fever accounted for 70% of the drug fever observed in this series. This is also in agreement with the previous report (Tabor 1986 ). Furthermore, a transient elevation of serum lactic dehydrogenase may serve as an indicator of drug fever, because of its frequent association with the drug fever as shown in our study. However, this can not be explained by hepatocellular damage, since the serum levels of transaminases have remained unchanged in most cases. It is more likely that lactic dehydrogenases are derived from damage blood cells, neutrophils and platelets.
Reduction in number of neutrophils and of platelets down to a below-normal range by more than one standard deviation was found in association with drug fever. In addition, changes in neutrophil and platelet counts by more than one standard deviation, irrespective of whether they were out of or within normal range, was far more frequently observed in patients with drug fever as compared with patients without drug fever.
The precise mechanism which is responsible for the induction of drug fever by an antibiotic has not yet been completely elucidated. In some cases, especially in those of penicillin allergy, production of antibody and subsequent antigenantibody reaction have been suggested as a cause of fever (Levine 1966; Chusid and Atkins 1972) . Hypersensitivity of type IV may also participate in the development of drug fever (Dinarello 1981) . In any case, the final stage of development of drug fever is thought to be due to a release of intrinsic pyrogens from white blood cells as a result of immune reaction. Elevation of the serum level of lactic dehydrogenase may be a reflection of the systemic reactions as reported by Young et al. (1982) and Dinarello and Wolf (1978) .
